Objective: To report three cases of intradural spinal tuberculosis (TB) by calling attention to atypical forms of spinal TB. Setting: A University Hospital, Istanbul, Turkey. Methods: Histopathological, radiological, surgical and physical examination findings of three patients with spinal TB were retrospectively reviewed. Results: Based on histopathological, surgical and radiological findings, diagnosis of intramedullary abscess had been made in the first case and early and late phases of arachnoiditis in the other two patients, respectively.The clinical outcome was evaluated as satisfactory for the patient with intramedullary abscess who had been treated with medical and surgical interventions. The remaining two patients with arachnoiditis, who had been treated by shunting or simple decompression, had a relatively less favorable clinical outcome. Conclusion: Spinal TB, in its atypical forms, is a rare clinical entity and low index of suspicion on the part of the surgeon may result in misdiagnosis such as neoplasm. In cases presenting with an intraspinal mass lesion, possibility of a tuberculous abscess and/or a granuloma should be considered in the differential diagnosis.
Introduction
Tuberculosis (TB) is the most common cause of vertebral body infection not only in underdeveloped and developing countries but in developed countries as well because of an increasing number of immunecompromised patients. While the clinical manifestations and radiological features of classical spinal TB are well known and the diagnosis is readily made, 1,2 some atypical forms have been reported, [3] [4] [5] [6] which may prevent early recognition of the disorder and accurate diagnosis. These atypical forms of spinal TB should be kept in mind in order to establish an early diagnosis and treatment, which otherwise may result in irreversible neurological sequela.
We retrospectively reviewed the magnetic resonance imaging (MRI) studies and reports of surgical findings of three cases with intradural spinal TB. The first case had a intramedullary abscess, the second had arachnoiditis with syrinx and the third had arachnoiditis. All three diagnoses were confirmed by histopathological studies.
Case reports
Case 1 A 7-year-old male patient had been admitted with pain in the mid-dorsal region of 8 months duration. Other complaints were urinary incontinence, progressive weakness in both legs for a week and a severe suboccipital headache for 2 days. There was no history of trauma. Neurological examination revealed weakness (3/5) of both lower extremities; knee and ankle jerks were hyperactive bilaterally. Sensory examination revealed hypoesthesia below T 10 level. Babinski sign was present bilaterally. Other important physical findings were stiff neck and weakness in right lateral rectus muscle. There was no spinal tenderness.
Laboratory examination revealed a WBC of 10.500/ mm 3 , hemoglobin 10.4 g/dl and erythrocyte sedimentation rate (ESR) of 8 mm/h. Delayed hypersensitivity test for purified tuberculin derivatives was also positive. Chest X-ray revealed interstitial infiltration in the left lung lower lobe. Spinal X-ray of the dorsal spine was normal. Contrast-enhanced MRI study of thoracic spine revealed a well-circumscribed, cystic intramedullary mass at T 7 level with ring enhancement (Figure 1 ). The spinal cord was locally enlarged and edematous. These findings suggested an infection rather than tumor. Computerized tomography image of the cranium disclosed an obscure inferior vermian lesion, which later on was evaluated as a probable tuberculoma.
The patient had undergone left T 7 -T 8 hemilaminectomy. There was no pathology in the epidural space, dura was found to be tense and the cord was swollen. The arachnoidal membrane was thick and cloudy. There was a thin rounded projection emerging from the spinal cord from where a thick creamy pus was aspirated and sent for culture. Gram stains for bacteria were negative, but acid-alcohol-fast bacilli were found in the specimen. A diagnosis of tuberculous abscess was made.
Chest X-ray findings of the patient had revealed interstitial infiltrations in the left lung lower lobe providing a clue for the route of spread of the infection. The cultures of the biopsy specimen were all negative for anaerobic organisms, fungi and tuberculosis. Histopathological investigation revealed chronic inflammation and caseation necrosis. Great sheets of delicate vessels, which were lined by a flattened endothelium and separated by scant connective tissue stroma were also observed ( Figure 2 ). After surgical drainage of the abscess and treatment with isoniazid, rifampicine and streptomycine combination plus 40 mg/dl methylprednisolone, the neurological symptoms had improved and the patient was discharged with moderate neurological deficit. At 7 weeks after discharge, he was walking independently and the sensorial impairment, right lateral rectus palsy and meningismus had completely resolved. MRI study at this time revealed a tuberculoma in the vermis cerebelli and obviously diminished abscess cavity in the spinal cord. At 11th month follow-up, he was still under treatment with isoniazid plus rifampicine and had developed mild spasticity in both lower extremities. Chest X-ray and spinal MRI studies at this time revealed no evidence of active TB. After 5 years, the patient had become totally asymptomatic.
Case 2
A 30-year-old female patient had been admitted to our department with the complaint of progressive weakness of both legs. She had been treated for tuberculous meningitis 9 years ago (April 1992). She had antituberculous therapy at that time consisting of four drugs (isoniazid, rifampicine, pyrazinamide and ethambutol) for 18 months and also had been taken into a rehabilitation program. Within 2 years, she had a substantial recovery except for minimal weakness in her legs, which necessiated an MRI study of the spinal cord. MRI examination at that time revealed a thoracic syrinx extending from T 3 to T 9 levels and arachnoiditis with atrophy of the cord between T 1 and T 2 levels ( Figure 3 ). During the following 2 years, she had been treated conservatively and her complaint continued. At 4 years after the diagnosis of TB meningitis, she developed a progressive weakness for the second time in both lower extremities accompanied by bladder and bowel incontinence and numbness below the umbilicus. On admission (October 1996) she was fully alert, conscious, well oriented and the neurological examination of the cranial nerves and upper extremities was normal. Examination of the lower extremities revealed spastic paraparesis (2/5) with diffuse muscular wasting; deep tendon reflexes were brisk, Babinski sign was positive and abdominal reflexes were absent. Other important findings were decreased sensation to pinprick below T 6 dermatome, loss of vibration and position sense and urinary incontinence. MRI studies of the spinal cord at this time revealed extensive arachnoiditis with multiloculated syrinxes extended from T 3 to T 10 . Compared to the previous magnetic resonance images, syringomyelic cavitations were found to be increased in size. Dilatations of the syrinxes were considered to be responsible for the recent neurological deterioration and a syringo-subarachnoidostomy was planned. After T 5 -T 6 hemilaminectomy and opening of the dura, arachnoid was reached, which was thickened and cloudy in appearance.
A 'T' tube (Medtronic PS Medical, CA, USA) was inserted into the syrinx cavity via myelotomy. Clear fluid under moderately elevated pressure drained freely and the caudal end of the catheter was placed under the arachnoidal membrane.
Histopathologically, the lesion was composed of lobulated but uncapsulated aggregations of closely packed, thin-walled capillaries usually filled by blood and lined by a flattened endothelium (Figure 4) .
On the first postoperative day, the patient showed a dramatic improvement and began to walk with minimal assistance within a week. Unfortunately, this improvement progressively declined after the first postoperative month. At 2 years after the surgical intervention control, MRI study revealed that the syringostomy was patent, and the cavity was diminished: but there was no improvement in the neurological picture. At 2.5 years after the surgical procedure, the patient began to complain of burning type dysesthesias and showed deterioration in neurological function. Thoracic spinal MRI study at that time disclosed enlargement of the syringomyelic cavities. A second operation was performed in which a syringo-peritoneal shunt was inserted using a 'T' tube via right T 10-11 hemilaminectomy. On day 1 after the operation, the dysesthetic pain was relieved, motor power of the lower extremities improved and the spasticity began to decrease. Control MRI after 10 weeks revealed significantly diminished syringomyelic cavities. At 4 months after this second operation, the neurological picture showed improvement with minimal gait disturbance (Table 1) .
Case 3
A 21-year-old male patient had been admitted with complaints of progressive weakness in both legs and loss of bowel and bladder control for 1 week. He had been treated for TB meningitis 2 years ago (January 1999). He had been treated with four antituberculous drugs regularly for 4 months, but he had not used his medication regularly after discharge from the hospital.
Neurological examination on admission revealed motor weakness in both lower extremities (3/5). There was no spinal tenderness. Knee and ankle jerks were diminished bilaterally; upper, middle and lower abdominal reflexes were absent. Sensory examination revealed decreased sensation to pinprick below T 4 dermatome A left T 8-10 hemilaminectomy was performed. There was no pathology in the epidural space; dura was found to be tense. Arachnoidal membrane was thickened and cloudy in appearance. A soft, partially hemorrhagic pink-colored mass was demonstrated, which was densely adhered to the spinal cord and the nerve roots. Histopathological examination of the biopsy specimen taken from this mass revealed chronic inflammation and granuloma formation. The dura was left open and paraspinal muscles were closed in watertight fashion. After the decompression of the cord, methylprednisolone and anti-TB drugs were administered.
Histopathological examination disclosed few noncaseating epitheloid cell granulomas. The peripheral zones of the granulomas contained loosely arranged cellular elements including fibroblasts, epitheloid cells and chronic inflammatory cells such as lymphocytes, plasma cells and eosinophils ( Figure 6 ). Ziehl Neelsen staining was negative for the bacilli.
On day 10 after surgery, the patient began to walk with assistance, his sensory deficit partly resolved and he regained bladder control. At 14 months after the operation, he was able to walk independently. Neurological examination at this time revealed slight spastic paraparesis (4/5) with minimal gait disturbance. His Figure 5 Thoracic contrast-enhanced sagittal MR section shows pathologic enhanced intradural lesion extending from T 3 to L 2 sensory deficit had resolved completely. MRI study of the dorsal spinal cord at this time disclosed extensive arachnoiditis with multiloculated syrinxes extending from T 3 to T 10 . Clinical, radiological and histopathological features and functional outcomes of all cases were presented in Table 1 .
Discussion
Tuberculosis, caused by Mycobacterium tuberculosis is a chronic infectious disease characterized by the formation of granuloma and rarely of abscess in the infected tissue. 7 The central nervous system involvement is very rare affecting 0.5-2% of the cases. The incidence of TB has gradually increased in recent years owing to the aging of the general population and also because of the increased number of people with drug abuse, AIDS and other conditions or medications leading to immunosuppression. 1 Spinal TB is the most common form of osteoarticular TB. 8 The present paper reports three cases of atypical spinal TB with pure intradural involvement, which have been recently documented in the literature: [3] [4] [5] [6] arachnoiditis with intramedullary abscess, arachnoiditis with syrinx, and arachnoiditis with subdural empyema, without epidural involvement. Since such types of involvement are uncommon or less reported, these cases should be considered as nonclassical or atypical spinal TB. Spinal TB is known to be associated mainly with pulmonary disease and may originate in three ways: (1) by hematogenous spread from an origin outside the CNS, (2) via secondary extension caudally from cranial tuberculous meningoencephalitis and (3) by secondary intraspinal extension from osteoarticular or discal TB. Hematogenous spread from an origin outside the CNS was reported to be the most common route of infection resulting in radiculomyelopathy. 9 In the early stages of the spinal TB, variable degrees of congestion and inflammatory exudate may be demonstrated in the meninges of the cord. 10 The spinal cord and the nerve roots may become edematous and surrounded by gelatinous exudate similar to our intraoperative findings of cases 1 and 2. Although the thoracic spine was reported to be the most common site of involvement, tuberculoma or TB abscess may develop anywhere within the thecal sac. 9, [11] [12] [13] It is usually closely adherent to the inner aspect of the dura and to the cord into which it penetrates like a crater, so in occasional cases it becomes very difficult to define whether the intradural tuberculoma is extramedullary or intramedullary. 13, 14 Intramedullary spinal cord abscess is a rare clinical entity and only 83 cases [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] have been reported in the literature since the original case documented by Hart in 1830. 25 Abscess formation becomes manifest by the accumulation of the necrotic tissue, debris and caseous material as the disease progresses. Abscess frequently bursts through or passes around the anterior or posterior longitudinal ligament and may spread to distant anatomical regions from the original site of the infection. 32 In the first two cases presented in our paper, abscess had been found to be localized to the site of infection. This finding, which seems to conflict with the previous reports, may partly be explained by the increased sensitivity of MRI studies in recent years and the early detection of these cases because of the established neurological picture secondary to the cord or nerve root compression.
Arachnoiditis is characterized by inflammation of the leptomeninges which may result from infections, intrathecal administration of chemical agents, subarachnoid hemorrhage, trauma, surgical scar and some other intervertebral disc pathologies. 33 Tuberculosis is the most common cause of this disorder and radiculomyelitis is almost always present in the course of tuberculous arachnoiditis. 11 In all the cases presented in our paper, the arachnoidal membranes were thickened and cloudy with apparent adhesions. Syringomyelia, which is characterized by abnormal cavitation of the spinal cord is an uncommon and a late complication of spinal TB. [34] [35] [36] [37] [38] This pathology had been demonstrated in our case 2 as a late complication of spinal TB.
Syringomyelia was first described by Vulpian (1861) and Charcot and Joffery (1869); but 'TB caused' syringomyelia was first described by Marinesco in 1916. The mechanisms of syrinx formation secondary to inflammatory arachnoiditis have also been described in the literature. 35, 39 Caplan et al 34 and MacDonald et al 39 reported that inflammatory arachnoiditis may produce an extensive obliterative endarteritis, which results in an ischemic injury in the cord parenchyma. In fact, MacDonald et al 39 suggested that ischemic myelomalacia antedates the development of syringomyelia because of arachnoiditis. Whatever the mechanism, in terms of clinical presentation, it is very important to keep in mind that development of syringomyelic cavities may be responsible for the late neurological deterioration in these patients.
Spinal TB may present with a wide spectrum of clinical manifestations and the medical history is seldomly helpful in the differential diagnosis. Fever and systemic symptoms may not become evident until the late stage. Almost half of the patients with extrapulmonary TB have normal chest X-ray findings. 40 In a majority of the cases ESR is elevated and skin tests are usually positive. 41 ESR had been found to be within the normal range in all our patients while the skin tests were positive in two cases.
Multiple imaging modalities such as conventional radiography, scintigraphy, computed tomography and myelography have all been reported to be helpful in the diagnosis of spinal TB, but MRI is relatively more sensitive and is believed to be the modality of choice in the appropriate clinical setting. 8, 38 Gadolinium-diethylenetriaminepentaacetic acid-enhanced MRI study helps to demonstrate the classical ring sign of an abscess, 23, 31 and can also differentiate myelomalacia from a syrinx. It should be the radiological study of choice in both the diagnosis and the follow-up of this disorder. The treatment of intramedullary abscess should include a combination of surgical and pharmacological therapies. Surgery is indicated for the evacuation of the pus and use of appropriate antibiotics and corticosteroids should be considered in the treatment. 16, 27, 31 Treatment of syringomyelia secondary to spinal TB consists of a shunting procedure, which has a limited success rate as occurred in our case 2.
